Natural hazard catalogs provide information on past documented events, often as the most reliable indication to ensure future hazard mitigation performance-influencing both social and economic welfare. For such reasons, knowledge about the completeness is important and allows to define the period for which the historical range of variability of the documented events can be stated. Based on an extensive collection of torrential events in Austria (more than 21,000), a robust completeness analyses is presented, based on historiographic as well as statistical approaches. The analyses are based on a 3 W-standard, "When did it happen?", "What happened?", and "Where did it happen?", for all documented events. Hence, a completeness of the whole torrential event catalog can be assumed, if the yearly number of events is independent of the reporting rate-the number of reported events per year. We further present completeness periods of (i) the documented torrential processes, "floods", "bedload processes", and "debris flows" as well as of (ii) the documented eventintensities, "low", "medium", "high", and "extreme". In a first order analysis, an increase in events for the resulting completion period could not be detected. However, a strong correlation to the total rainfall sum above the 99th percentile seems to be evident.
Introduction
In Alpine regions, human settlements, infrastructures and environmental resources are frequently endangered by flood or bedload transport processes (flood events with high sediment transport rates) and mass movements like debris floods or debris flows. Such torrential processes differ in their formation, procedure as well as dynamic behavior, and thus they are all related to occur in steep headwater catchments often associated with a high density of population. In countries like Austria, people always meet a challenge to find an accurate balance between the imminence of natural hazards and the progress in spatial developments. For this reason, awareness of natural hazards is high, and reports of catastrophic events related to these kind of processes can bedated back to the early middle ages. In Austria, studies about hazard assessment procedures for torrential processes started at the end of the 19th century (Duile 1826; Müller 1857; Landolt 1886; Stiny 1907 Stiny , 1909 , and since then there has been a shift from heuristic hazard reduction strategies to a quantified risk culture. Today, risk culture has many facets in dealing with natural hazards, and risk reduction has become socially relevant (Thaler et al. 2019; Keiler and Fuchs 2016) . This is reasoned by a society's awareness-also on the political level-that a complete protection against natural hazards is not affordable and economically justifiable (Wilhelm 1996; Fuchs and McAlpin 2005; Fuchs et al. 2008) , and that the global financial and insurance markets, upon which the global economy depends, are essentially risk-driven Smith and Petley 2009 . However, the reliability of modern risk reduction strategies for natural hazardous processes depends on messages from the past, either from event documentations, stratigraphic analysis, or analysis of geomorphological field traces.
In Austria, stratigraphic and detailed geomorphologic analysis are resource and cost intensive and thus provide only selective information of past torrential events (Mayer et al. 2010; Procter et al. 2011; Schraml et al. 2013) . For these reasons, more attention was paid to existing event reports. From the early middle ages (544) to present (2017), a total of 21,429 torrential events have been collected and stored in the Austrian event catalog, hosted by the Forest Technical Service of Avalanche and Torrent control, Austria WLK digital event catalog 2018. However, in Austria, a systematic collection of torrential event information was motivated by the introduction of the "flood reports" in the 1970s. The flood reports were a consequence to the paradigm-shifting introduction of the hazard zone mapping and have found their legally foundation in the Austrian Forest Act 1975, and an associated decree Regulation: Hazard Zone Maps 1976. It states that a collection of reasonable information about the frequency and extent of previous damage due to torrents or avalanche must be created, which resulted in event histories, compiled for the watersheds under study. These fragmented, watershed specific event catalogs were collected, digitized, harmonized, and integrated, together with historical and archival information (before 1970), into one central Austrian torrential event catalog during the years 2008 to 2010 (Hübl et al. 2008a-1; ).
Thus, optimistically the last 40 years have been grounded in systematically observed and collected data, and it seems therefore indispensable to discuss some of the possible inherent biases of one of the most extensive collections of torrential events worldwide, which can also be considered as a rich source of information on torrential events in the Eastern European Alps.
In this study, we present the robust completeness analyses of the Austrian torrential event catalog considering both, historiographic as well as statistical approaches. The objective is to find the year from which on the torrential catalog can be assumed complete. The analyses are based on the 3 W-Standard, "When did it happen?", "What happened?", and "Where did it happen?", for all documented events. Beside the completeness period for the whole Austrian torrential event catalog, we further present completeness periods of (i) the documented torrential processes, "floods", "bedload processes", and "debris flows" as well as of (ii) the documented event intensities, "low", "medium", "high", and "extreme". A first order analysis shows no trend on the event frequency for the resulting completion. However, a strong correlation to the Expert Team on Climate Change Detection and Indices (ETCCDI) index R99pTOT-the total precipitation sum above the 99th percentile of precipitation on wet days-seems to be evident.
A catalog of torrential events in Austria since the middle ages All records in the Austrian torrential event catalog have caused damages and can be roughly classified into (i) events from historical or archival sources and (ii) recent events compiled by scientists of the Austrian Research Centre for Forests (BFW) or reported by engineers of the Forest technical Service of the Austrian Torrent and Avalanche Control (WLV-Austria) in the course of exploratory hazard assessment activities Hübl et al. 2008a Hübl et al. , b, 2009 Hübl et al. , 2010 One of the historical sources is the "Chronicle of devastations due to floods and torrents, rock avalanches, debris flows and rock falls in Tyrol and Vorarlberg till 1891", which was compiled by Georg Strele , the director of the Tyrolean provincial headquarter of the Austrian service for torrent and avalanche control from 1904 to 1923. This compilation, referred to as "Strele Chronicle" in the following, consists of natural hazards from the end of the 6th century till the year 1891 for the regions of Tyrol and Vorarlberg. The "Strele chronicle" was digitized by Plank 1995 and integrated into the Austrian torrential event catalog by hubl-ian-2008. Main sources of information were villages, schools or church chronicles, newspaper articles, oral reports, and observations by witnesses as well as experts.
Of similar origin and completing the Austrian torrential event catalog until the beginning of the 20th century is the event chronicle by Stiny 1938. The catalog, referred to as "Stiny chronicle", contains events especially for the federal states of Salzburg, Upper and Lower Austria, Styria, and Carinthia as reported from the year 792 till the year 1920.
A definite starting point of the systematic collection of more recent torrential events in Austria was the introduction of the "flood reports" in the 1970s. The flood reports have been a framework developed collectively by the Institute of Mountain Risk Engineering (BOKU, Vienna), the WLV-Austria and the BFW, and was used from the year 1972 on to document torrential events. It can be seen as the ancestor of the present Austrian standard as well as international standard in the European Alpine Space for event documentations-defined by the projects DOMODIS "Documentation Of MOuntain DISasters" Hübl et al. 2006 and DIS-Alp "Disaster Information System of ALPine regions" (DIS-Alp) Berger et al. 2007 during the first decade of the 21st century.
The similar data sources of the "Strele Chronicle" and the "Stiny Chronicle" leading to analogical concerns about data quality and biases. Because they are mainly collected in an unsystematic manner and by inexperienced witnesses, uncertainties with regard to the determination of the phenomena and the identification of the process itself are likely. The classification into different process types strongly depends on the specific knowledge of the documenting person, as well on the process itself. While an inexperienced witness maybe able to distinguish between a flood and a debris flow, he may fail in distinguishing between the intermediate processes like bedload transport or debris floods. Other challenges might be changes of meanings for certain terms used for torrential process observations over time, or changes in topographical names. Minor potential biases concern the correct event duration, as events may last for more than 1 day. In this case, the authors used the onset of the event as the event date (Hübl et al. 2008a ). Similar uncertainties were encountered concerning the location of the events, reaching from changing village names to information given only at a region wide precision.
However, most concerns of a completeness analyses are uncertainties of the correct timing of the documented events, which result often from the archival nature of the data. For some entries in the chronicles, only the year of the event is given. Other entries only have imprecise information concerning the year like "beginning", "middle", or "end" of the decade. In this case, the authors of the compiled Austrian torrential event catalog ) assigned the first, fifth, or ninth year, e.g., 1921, 1925, 1929 as the event year. Similar vagueness was encountered by the authors concerning the event month, as information on the season, i.e., "spring", "summer", "autumn", or "winter" but not the exact month was available. Here, the authors replaced spring, summer, autumn, and winter by the month of April, August, October, and January (Hübl et al. 2008a ).
Completeness analysis
The completeness of an event catalog is equivalent to an unbiased sample and therefore essential for a meaningful analysis. Incompleteness or biased sampling strongly impact the estimated parameters of the assumed models and therefore their interpretation and conclusions.
Problems concerning the completeness of event catalogs were faced in studies in the field of seismology (e.g., Stepp 1972; Nasir et al. 2013; Stucchi et al. 2013) and volcanology (e.g., Wickman 1966; Simkin 1993; Furlan 2010) , who studied the number of earthquakes and volcanic eruptions. These scientist developed different theories to tackle the problem, which we can utilize for the Austrian catalog of torrential events.
We consider completeness in the context of a torrential event catalog to be given by the reporting rate, which is described as,
with r(t), the reporting rate of year t,n t , the number of reported events in year t and n t , the number of actual happened events in year t. A catalog is complete when r(t) = 1, i.e., when all events that actually happened in the year t, have been reported. Although a reporting rate of one is desirable, it is also an unrealistic scenario when compiling torrential processes, especially with respect to the number of small, local events. We therefore define completeness for all possible event sizes by:
A catalog is complete if the yearly number of events is independent of the reporting rate, i.e., that the ratio of the reported events in year t (n t ), to the number of all events in year t (n t ) is constant for all xtitt and close to one.
Hence, to show that a catalog is complete turns into the equivalent problem of finding the first year τ, for which Eq. (3) permanently holds.
Nevertheless partial completeness, in the sense that r (t) depends on the size of the event, is not an unrealistic assumption-whether
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Landslides 16 & (2019) for earthquake, volcanic, or torrential event catalogs. Especially high to extreme and to a certain extend medium to low intensity events are likely to be fully reported in modern times, due to an increasing population density (Fuchs et al. 2017) , development of standards of documentation schemes (Hübl et al. 2006) , technical developments in the realm of remote sensing and an increasing network of monitoring systems (e.g., Hürlimann et al. 2003; Schimmel et al. 2018; Marchi et al. 2002) . Additional factors influencing the reporting rate and hence the point in time τ, at which completeness of event catalogs is assumed, are historical events, like the First and the Second World War, the increased public and scientific interest after global economy and ecological changes and the foundation of relevant institutions like the WLV-Austria, the Interpraevent or BFW. The foundation of the WLV-Austria in the year 1884 was a consequence of the widespread devastations in Tyrol and Carinthia in the year 1882. The Interpreavent, an international research society focusing on the protection against floods, debris flows, landslides, rockfall, and avalanches, was founded after the devastating floods and debris flows in Carinthia and Eastern Tyrol in the years 1965 and 1966. The same catastrophe also leads to the foundation of the department concerned with the research on natural hazards at the BFW.
In principle, assessing completeness of historical event catalogs can be divided into two classes, (i) methods based on historical analysis of the information flow from the event itself to the receiver in a dynamic socioeconomic environment (e.g., Stucchi et al. 2009 ) and (ii) statistical methods which mostly rely on the assumption of stationarity, i.e., assuming that the series of events are produced by a Poisson process (e.g., Stepp 1972; Albarello 2001; Hakimhashemi and Grunthal 2012) . Stucchi et al. 2009 uses the appealing dichotomy of "inside" and "outside" of the catalogue to describe the two approaches. In this sense, statistical techniques use internal features of the data while historical methods are concerned with the external factors, factors controlling mainly the quality of the catalogue by influencing the reason, the time and kind of documentation. Historiographical completeness is therefore assessed by the comparison of different historical sources for a given locality, where locality, from this perspective, is interpreted as a "recorder" of events. If the different sources, like chronicles or newspapers, have recorded events of comparable categories like other natural hazards or events of political interest for that locality, it seems unlikely that the hazard under investigation was overlooked-providing the event had a considerable high intensity. On the other hand, if also these other records are missing, an actual data gap seems plausible. The main disadvantages of historical methods, however, are their high resource intensity and their subjectivity, which is considerable lower compared with statistical techniques.
Historical method

Statistical methods
Statistical methods, although objective, have to assume a generative mechanism for the number of events per year to determinate the year at which the catalog can be assumed complete. The assumption of a generative mechanism, i.e., model, goes hand in hand with a simplification, which is kind of the statistical equivalent to the subjectivity of the historiographic approach.
Cumulative number of events One widely used assumption is that a number of events per year are generated by a homogeneous Poisson process (e.g., Meyers 2011) . Following the statement of a Poisson assumption the cumulative number of events per year shows an linear increase, proportional to the mean of the underlying Poisson distribution Finkelstein 2008 as given in Eq. (4).
with λ(t), the mean number of events after t years and t the number of elapsed years. Breaks in the slope of the cumulative number of events are therefore only possible if λ is changing. Because λ is per definition constant, changes in break must indicate a change in the reporting rate. Nasir et al. 2013, which corresponds to the detection of τ defined by Eq. (3).
Change point detection
The statistical theory on change point detection Truong et al. 2018 for assessing completeness is common in the analysis of volcanic eruption series (e.g., Coles and Sparks 2006; Furlan 2010; Mead and Magill 2014) and is also used for earthquake catalogs (Albarello 2001; Hakimhashemi and Grunthal 2012) . The main assumption in change point centered completeness assessment is that the change in the reporting rate is not gradual but abrupt. In general change points are found by using an algorithm to split the event series into non-overlapping periods and a function which characterizes the variability within and between those periods. Albarello-detection-2001 used an exhaustive segmentation and a binomial distributed random variable to characterize the homogeneity within and the heterogeneity between events. Similar, Hakimhashemi-statistical-2012 tested every time point as a possible change point based on the variance of the time between events. The change point, τ, can then be estimated by means of Bayesian statistics. In this study, we applied three different approaches to test the completeness of the torrential event catalog. The parametric method of Priyadarshana and Sofronov 2012 assumes a negative binomial distribution of the events per year the nonparametric approach follows the proposed methodology described in Haynes et al. 2017 , whereas the Bayesian method, based on the natural logarithm of the events per year, follows Chib 1998. For the last method, the threshold of the posterior probability of a true change in mean was set to 0.4.
Standard error
Another quantitative alternative uses the equality of the variance and the mean of a Poisson distributed random variable (Agresti 2007) . The maximum likelihood estimate of the mean of a Poisson distributed variable in the context of yearly counts Rychlik and Rydén 2006, is given in Eq. 5.
with λ the mean number of events per year, t 1 the first year of observations, t n the last year of observations and n t the number of events in year t. Because of the constant mean per year of a homogeneous Poisson process a similar λ, regardless of the length of the interval T, can be expected. Using this fact, we can estimate the mean for different length intervals T and compare the estimated mean values. In case of stationarity, i.e., the data follows the assumed homogeneous Poisson process; we expect that the means for the different intervals are nearly identical and that the standard error of the mean is inversely proportional to the square root of the length of the interval. The definition of the standard error of the mean, σ λ , and using the mentioned equality of the variance and the expectation for the Poisson distribution, lead to Eq. 6.
For different intervals of length T of the catalog, the standard error is then a linear function of Eq. (6), and deviations from the linear function indicate incompleteness of the event catalog (Stepp 1972) .
Results
Historiographic results
A purely historiographic threshold for the completeness of the torrential event catalog is difficult to motivate, nevertheless some statements about periods differentiating in number and quality of documentations are possible. Figure 1 shows the number of actively reporting chronicles (upper panel) and annals (lower panel) in Austria per year from 500 to 1600. The data was compiled from the bayerischeakademie-der-wissenschaften-repertorium-2018, a digital, bibliographic archives of narrative sources provided by the Bavarian Academy of Sciences and Humanities. Only annals and chronicles were considered. Especially the years 1100 to 1300 have a great number of reporting annals and chronicles. However, the number of annals decreased in the 13th century, while the number of chronicles, decreased significantly 200 years later.
Another equally imported source of historical information is newspapers. The event catalog of the Swiss Federal Institute for Forest, Snow, and Landscape Research (WSL), for instance, uses approximately 3000 Swiss newspapers and magazines which are the main source of information on damages caused by floods, debris flows, landslides, and rockfalls (Hilker et al. 2009 ). However, newspapers can also be an unreliable source because the reporters are, in most cases, not experts on natural hazards. Figure 2 shows the number of actively reporting newspapers and magazines in Austria per year, based on a corpus of 1291 newspapers and magazines published between 1568 and 2018 ANNO/Österreichische Nationalbibliothek 2018. The corpus was reduced to those entries, which mainly reported about events in Austria and operating on a daily or weekly basis. The items were then manually checked if they have at least ten issues, in which articles or reports about torrential The number of daily and weekly published newspapers continuously increases in the middle of the 19th century and reaches a maximum of nearly 80 actively reporting newspapers and magazines at the beginning of the First World War (1914) . After the First World War, the number of newspapers and magazines significantly dropped. This is followed by approximately 20 years of an almost stable number of actively reporting newspapers and magazines, after which the number dropped again at the beginning and during the Second World War. After 1945, the number of newspapers and magazines at a daily or weekly publishing cycle stayed nearly constant. For comparison, the end of the Strele and the Stiny chronicles are shown at the top of Fig. (2) , as well as the establishment of the WLV-Austria and the BFW. Also shown are the start years of the legal obligations for keeping police and school chronicles. Further, the distribution of the square root of the deviation of the actual events per year from the mean number of events, estimated between 1800 to 1960, is indicated by the lower panel.
Besides historical or at least semi-historical written sources like chronicles, annals, or newspapers also narratives like sagas provide information about the frequency of natural hazards. A typical supernatural reinterpretation of torrential events in sagas is dragons (Petzoldt 2002) . These beliefs have their roots in the proto-scientific and early scientific work of the 16th and 17th century, were bones of fossils served as evidence for the existence of dragons (Petzoldt 2003 , see article about "Drache"). The association between dragons and debris flows is shown in Fig. 3 .
It is based on a corpus of nearly 6800 sagas collected from different sources for whole Austrian Sagen.at 2018. The sagas were searched for common terms referring debris flows as, e.g., "Mure", "Murgang", or "Murbruch" and terms referring to dragons and dragon-like creatures e.g. "Drache", "Lindwurm", or "Schlange". The resulting matches were manually checked and classified into "dragons associated with natural hazards", "dragons associated with debris flows", "dragons in different contexts" and "debris flows not associated with dragons". The 182 remaining sagas were located based on municipalities. If the municipality was undefined, the next higher political unit was used. The association of dragons and debris flow is common in Tyrol and Vorarlberg, but still dragons or dragon-like creatures are often associated with natural hazards, especially those resulting from mountain torrents, clearly visible in Fig. 3 for the rest of Austria. Beside dragons also witches, demons (e.g., the "Butz" in Dornbirn, Vorarlberg), or lost souls (e.g., "Salige" in Vent, Tyrol which caused the breach of the ice-dammed Rofener lake), or the devil himself were thought to cause debris flow or flood events.
Beside these torrential hazard specific historical influences on the completeness, also general historical events like the First and the Second World War must be considered. An optimistic estimation from a historiographical perspective would therefore result in a year of completeness after the Second World War (1945) . However, a pessimistic estimation corresponds to the introduction year of the flood reports (1972)-similar to the geohydrological event catalog of Blahut et al. 2012 . 
Statistical results
In a first step, the estimation of the beginning year of complete recording, or in other words, the break point τ, is based on a inspection of an abrupt changing in the reporting rate based on the cumulative number of events per years. This leads to a visual break point estimate somewhere between 1940 and 1950 (Fig. 4) . It can be further assumed that a linear growth of the report rate is evident since the middle of the 20thcentury.
However, a quantitative estimation of the break point can be derived by successively splitting the catalog into two sub-catalogs. The first split is defined so that at least 3 years of observations are included from the beginning of the catalog. On both sub-catalogs, a linear regression is then fitted to the cumulative number of events per year and the coefficients of determination R 2 are calculated. In a further step, the split is shifted 1 year into present and again a linear regression model is fitted against the new disjunctive sub-catalogs. This procedure, splitting, fitting, and shifting, is repeated until the split has reached the years 2015, i.e., 3 years before present. We assume that the break point of the catalog τ is reached when the R 2 values of disjunctive sub-catalogs having a minimal Euclidean distance d to the perfect solution. Figure 4 shows the Euclidean distance d of R 2 to r(t) ≈ 1 for the whole torrential event catalog over the reported years in the upper panel. After a phase of fluctuations due a low number of observations, d stabilizes, reaching its minimum at τ d = 1925. If we are assuming in stationarity (c.f. Eq. 4) for the event distribution of the left sub-catalogs, the estimation of the break point of completeness is then based on finding the maximum coefficient of determination for the regressionmodel of the right sub-catalog. Hence, using the maximum R 2 of the linear fit for the right half of the sub-catalogs, results in τ R 2 ¼ 1942 (see dashed line in the upper panel of Fig. 4) .
By applying the quantitative estimation of the break point as described above, we further differentiated between four different intensity classes as well as three torrential process types (shown in Figs. 5 and 6) .
Completeness of the event catalog considering only 4910 low intensity events, resulted in τ R 2 ¼ 1933. For 6197 medium intensities events, τ d = 1921 respectively τ R 2 ¼ 1931 could be assumed. Regarding 3154 high intensities events, τ d = 1937 as well as τ R 2 ¼ 1929 is obtained. Finally, for 1011 events observed in the extreme intensity class, a completeness of the catalog is related to the assumption of τ d = 1938 respectively τ R 2 ¼ 1929.
Considering solely flood events (8579), a completeness of the torrential catalog could be assumed with τ d = 1919 respectively τ R 2 ¼ 1938. For 6462 bedload events, completeness analyses resulted in τ d = 1926 and τ R 2 ¼ 1947, whereas τ d = 1925 respectively τ R 2 ¼ 1921 for 6386 debris flow events.
Applying change point detection with all methods (parametric, non-parametric as well as Bayesian), the most present detected change point was assumed to coincidence with the year of completeness. This assumption resulted for the parametric method in τ P = 1920, for the non-parametric method in τ N = 1948 and for the Bayesian method in τ B = 1919.
According to the standard error method described by stepp-analysis-1972 and following Eq. (6), the catalog can be assumed to be complete for the last 35 years, i.e., since τ σ = 1984 (Fig. 7) .
The short period resulting from the standard error is a consequence of its conservative behavior and would mean to lose a considerable amount of data.
Overall completeness results
Overall results of completeness are based on historiographical information, the cumulative number of event methodology and on the change point detection methods. For the later, parametric and non-parametric as well as Bayesian approaches are considered. Because of its instability, results from the standard error method have been excluded. Figure 8 gives an overview of the estimated years of completeness based on the statistical methods, for the whole catalog and differentiated by intensities and process types.
Final year of completeness of the Austrian torrential event catalog is given with τ * = 1945. The error bars are ± one standard deviation for the different statistical models used.
Summarizing the results of τ d , τ R 2 , τ P , τ N , and τ B , a statistical based completeness can be assumed with ⟨τ = 1931 ± 13. Similar results are obtained for different intensity classes with mean years of completeness of low intensities: τ = 1941 ± 7, medium intensities: τ = 1927 ± 11, high intensities: τ = 1917 ± 23 and extreme intensities: τ = 1927 ± 17. Overall completeness of the catalog, differentiated by process types, can be assumed for flood events with τ = 1921 ± 3, for bedload events with ⟨τangle = 1943 ± 12 and for debris flow events with τ = 1934 ± 12.
However in combination with the historiographic analyses (indicating completeness somewhere between 1945 to 1972), we finally propose the year of completeness of the Austrian torrential catalog with τ * = 1945.
Above information is based on a constant year of completeness assumption for whole Austria. Figure 9 shows, however, a regional diversity of the completeness for the torrential event catalog, based on a 50 km by 50 km raster.
Here, for each cell the completeness year is averaged from the statistical results of the cumulative number of events as well as the change point methods, based on the event series lying within this 
Discussion
The statistical methods agree upon a year of completeness, for the whole catalog, between 1925 to 1985, but most values cluster around 1940, except the value resulting from the method described by stepp-analysis-1972. Similar clustering around the first half of the 20th century is also observed, regardless if the catalog is divided by process or intensities. In contrast, the historiographic approach does not imply completeness before 1945, and hence a dissonance between the both methods exists, which can be explained by the different frames of discernment.
The holistic perspective of the historiographic method assumes social stability as a basic requirement to allocate resources for an event documentation and ignores, unlike the statistical approach, the possibility of individual completeness of certain regions. Completeness of the Austrian torrential event catalog seems therefore to be unplausible during and in between the two world wars.
Hence the year 1945 is a compromise between the suggestions from the statistical as well as historiographic approaches, which results in a 73 year long documentation period and 15,255 torrential events for whole Austria (out of more than 21,000 registered torrential events since year 544).
Documentations before year 1945 can highlight possible catastrophic events in the sense of what can happen in a certain region-reflecting ranges of possibilities. However, these documentations cannot be used to describe the dynamics of the number of events, because of their discrete nature.
Historical information are particularly interesting if they deviate from, or correspond to, a long-term mean within the completeness period, calculated by Eq. 7.
where n e i is the anomaly in year i, n i is the number of events in year i, and <n> is the mean number of events per year, i.e., the arithmetic mean of the number of events per year, estimated according to Eq. (5), with t 1 = τ * and t n = 2017. The scaled anomalies are the yearly anomalies divided by the standard deviation of the yearly anomalies as given in Eq. (8).
where z i is the scaled anomaly of year i and s is the standard deviation of the yearly number of events estimated as usual. The advantage of the scaled anomalies is that they are dimensionless, but on a scale in terms of multiples of the standard deviation, and therefore are easily compared with other similar treated measurements. Note that the scaled anomalies are equivalent to the standard or z-scores commonly used in statistics Schiller et al. 2011 . Figure 10 shows the scaled yearly anomalies (Eq. 7) on a base 10 logarithmic scale, for all events in the completeness period, 1945 to 2017. Remarkable are the high numbers of events in the years 1959, 1965, 1966, 1991, 2002, 2005 , and 2013 exceeding one and a half standard deviations. These high number years are balanced by the low number years 1984, 1988, 2001, 2003, and 2011 with number of events falling below on half standard deviation. A slight trend in time is indicated in by a local polynomial regression line. However, according to the bootstrapped 95% confidence region of the smoother, also stationarity is plausible, which is confirmed by a Mann-Kendal test with a p value of 0.39.
Another important, socially relevant topic, is the question of future increase (or decrease) of natural disasters due to predicted climate change. Many authors have suggested changes of the frequency of natural hazard processes in steep headwater catchments such as landslides or debris flows (Wieczorek and Glade 2005; Borgatti and Soldati 2010; Crozier 2010; Stoffel et al. 2014; Youberg et al. 2014) , sediment transport (Schneider et al. 2014) , or floods (Beniston and Stoffel 2016) . However, due to the lack of historical event data, many of those studies rely on modeling event-triggering factors, such as critical precipitation, assuming a strong correlation with the occurrences of torrential events.
If we consider the scaled yearly anomalies for all events in the completeness period, starting in 1945, and compare it with the annual total precipitation observed above the long-term 99th percentile of precipitation on wet days (R99pTOT), we might assume a strong correlation (Fig. 11 ). To estimate R99pTOT-an ETCCDI index proposed by Karl et al. 1999 -precipitation data on a daily basis was used, (i) based on measurements from the "Historical, Instrumental, Climatological, Surface Time Series of the greater ALPine region (HISTALP)" project (Auer et al. 2007) and (ii) based on stations operated by the Hydrographic Services (HD) Austria. All daily observations were transformed into anomalies (Eq. 8) using the mean of the period 1961 to 1990 for the HISTALP and mean of the period 1971 to 2000 for the HD stations. The daily measurements were temporally aggregated into yearly anomalies and spatially into means for whole Austria.
However, the first order analyses, based on the proposed completeness period of the torrential event catalog, suggest further studies to face the challenge in understanding magnitude and frequency of torrential events in a changing environment.
Conclusion
The Austrian torrential event catalog provides useful information on historical events. The completeness analyses, based on a robust investigation, allow future investigations in many fields dealing with natural hazardous processes in torrential catchments. In the case of hazard assessment, magnitudefrequency analyses and evaluation of mitigation measures can be supported. Further, effects of changes in the environmental characteristics of steep headwater catchments can be related to specific periods in the past. Finally, a long period of complete event documentations facilitates risk governance and allows new forms of risk-communication to a broader audience, as an alternative to the concept of return period, which is often prone to misconceptions and misuses (Serinaldi 2015) .
